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ABSTRACT: Bacteria of Mollicutes Class are associated with intramammary infection and decrease in milk production. This study
investigated the occurrence of Mollicutes and elucidated their risk factors in dairy herds from Southeast Brazil. For this, milk samples from
387 lactation cows from Minas Gerais, Rio de Janeiro and Sdo Paulo States were subjected to the polymerase chain reaction (PCR) to detect
Mollicutes. Species of Mycoplasma were investigated in Mollicutes positive samples by PCR, including Mycoplasma bovis, M. alkalescens,
M. bovigenitalium, M. bovirhinis, M. arginini and A. laidlawii. An epidemiological questionnaire was applied to collect data on possible
risk factors, which were assessed using Pearson’s Chi-square test followed by odds ratio (P<0.05). Mollicutes were reported in 21% (4/19)
of the herds and 4% (16/387) of the animals, while 1% (5/387) were positive for M. bovis and 3% (11/387) for M. arginini. All samples were
negative to the other agents. Herds with more than 150 animals [OR=3.51 (95% CI 1.11-11.08)], manual milking [OR=9.97 (95% CI 2.80-
35.49)] and not-milking animals with mastitis last [OR=6.54 (95% CI 1.92-22.29)] were risk factors. The presence of these conditions may
favor intramammary infection by Mollicutes in dairy herds from Southeast Brazil. This is the first report of M. bovis in Rio de Janeiro and M.
arginini in the studied states.
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Fatores de risco associados a colonizacdo intramamaria por Mollicutes em bovinos
leiteiros do Sudeste brasileiro

RESUMO: Bactérias da Classe Mollicutes estao associadas a infecgdo intramamdria e diminui¢do da produgdo leiteira. O objetivo deste
estudo foi investigar a ocorréncia de Mollicutes e elucidar seus fatores de risco em rebanhos leiteiros do sudeste brasileiro. Para isso,
amostras de leite de 387 vacas em lactagdo dos estados de Minas Gerais, Rio de Janeiro e Sdo Paulo foram submetidas a reagdo em cadeia
da polimerase (PCR) para detectar Mollicutes. Espécies de Mycoplasma foram investigadas nas amostras positivas por PCR, incluindo
Mycoplasma bovis, M. alkalescens, M. bovigenitalium, M. bovirhinis, M. arginini e A. laidlawii. Foi aplicado um questiondrio epidemiolégico
para a coleta de dados sobre possiveis fatores de risco, que foram avaliados pelo teste de Qui-Quadrado de Pearson seguido de odds ratio
(P<0.05). Mollicutes foram detectados em 21% (4/19) dos rebanhos e 4% (16/387) dos animais, enquanto 1% (5/387) destes foram positivos
para m. bovis, 3% (11/387) para m. arginini, sendo todas as amostras negativas para os demais agentes. Rebanhos com mais de 150 animais
[OR=3,51 (95% IC 1,11-11,08)], ordenha manual [OR=9,97 (95% IC 2,80-35,49)] e auséncia de linha de ordenha [OR=6,54 (95% IC 1,92-
22,29)] foram considerados fatores de risco. A presenga dessas condigdes pode favorecer a infec¢do intramamaria por Mollicutes em rebanhos
leiteiros no sudeste do Brasil. Este é o primeiro relato de M. bovis no Rio de Janeiro e M. arginini nos estados estudados.

Palavras-chave: leite bovino, Mycoplasma bovis, Mycoplasma arginini, tamanho do rebanho, ordenha.

INTRODUCTION

Bovine milk production is of great
importance for agribusiness in Brazil (TELLES et
al., 2020). Dairy farming is practiced all over the
country, being essential for providing food, jobs and
income to population. In 2017, Brazil produced 33.5

billion liters of milk, and the Southeast region, was
responsible for around 34% of production, being
Minas Gerais considered the greater brazilian dairy
basin (EMBRAPA, 2019).

Despite the large milk production,
poor quality of raw milk due to microbiological
contamination is one of the biggest obstacles to
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the consolidation of dairy industry in Brazil, since
contamination interferes on the quality of pasteurized
milk or used on derivatives manufacturing (LANGE
et al., 2017). Bacteria from Mollicutes Class, which
are the smallest self-replicating organisms known,
are related to intramammary infection in dairy
cattle. Although, different species of Mollicutes
were already isolated from bovine milk including
Mycoplasma bovis, M. arginini, M. alkalescens, M.
canadense, M. bovirhinis, M. bovigenitalium, M.
californicum, M. dispar, Acholeplasma laidlawii, A.
oculi and A. granularum, M. bovis is considered the
most prevalent and clinically important species, being
the most extensively studied bovine mycoplasma
(GONZALEZ & WILSON, 2003; GIOIA et al.,
2016). Besides intramammary infection, M. bovis is
associated with arthritis, otitis, bronchopneumonia,
conjunctivitis, genital disorders, and meningitis,
since it can colonize the mucosal surface of a wide
variety of tissues (BURKI et al., 2015).

In Brazil, research on this agent and
other mycoplasmas in herds is still neglected and no
research is referred to the etiology of Mycoplasma
spp. infection in the mammary glands. Thus, it is
difficult to compare the occurrence of the most
prevalent species of these agents in the country
(SALINA et al., 2020). The first isolation of M. bovis
from bovine milk occurred in a mastitis outbreak in
Parana (METTIFOGO et al., 1996) and, since then,
few studies have been conducted, restricting the
identification of the agent in herds in Parana, Sdo
Paulo, Minas Gerais and Goids, with occurence in
animals ranging from 1 to 3% (PRETTO et al., 2001;
FRANCHESCHINI et al.,, 2008; JUNQUEIRA,
2017; JOAQUIM et al., 2018; MANZI et al., 2018).

Herd size is being suggested a risk factor for
intramammary infection by mycoplasmas. In farms
where there is acquisition of animals for breeding
stock replenishment, there is a greater risk for the
introduction of Mycoplasma spp. when compared to
closed herds, due to high cow turnover rate and the
greater probability of acquiring an infected animal
(AL-MOMANI et al., 2008; PINHO et al., 2013).
The exposure of naive cattle to Mollicutes as a result
of entrance of symptomatic or asymptomatic animals
may explain the greater presence of mycoplasmal
mastitis in countries with more cattle movement
(FOX, 2012; MATOS et al., 2019). In this sense,
purchased cattle may be one of the major pathways
of the agent incursion, which is associated to failures
in biosafety, such as poor stringent separation or
quarantine protocols (MURAI & HIGUCHI, 2019).

Also, corporation-type farms are a risk
factor to intramammary infection by Mollicutes,

due to the frequency of moving cows and fomites
compared to family-run farms (MURAI & HIGUCHI,
2019). Besides, management practices, mostly those
related to milking, such as well-functioning milking
machines, proper milking procedures and sanitation
are of great importance to prevent the infection,
as well as the proper cleaning and disinfection of
milking utensils. In larger herds, udder preparation
may be neglected in favor of moving cows rapidly
through the milking parlor and milkers trained to
emphasize speed of milking do not usually practice
thorough teat dipping. Other factors have not yet been
clearly associated with the presence of Mycoplasma
spp. in herds (GONZALEZ & WILSON, 2003; AL-
MOMANI et al., 2008; PINHO et al., 2013).

The current lack of information about
Mollicutes circulation in Brazilian herds provided
the motivation for this study, which investigated the
occurrence of Mollicutes and elucidated their risk
factors in dairy herds.

MATERIALS AND METHODS

Sampling to obtain the minimum number
of animals was based on the formula n = Z> x P (1-
P)/E?, described by THURSFIELD (2003), where
Z refers to the confidence interval, P the estimated
prevalence and E the error. In the current study, Z
value was 95%, P value 50% (since the prevalence
of the intramammary infection by Mollicutes in the
region is unknown) and E value 5%, obtaining a
minimum sample of 384 animals to be analyzed.

Based in a cross-sectional study, between
March 2018 and July 2019, samples of 387 animals
were obtained from dairy cattle herds in the states of
Minas Gerais (n=148), Rio de Janeiro (n=136) and
Sao Paulo (n=103), totaling 19 herds.

The selection of herds was made
by convenience (non-probabilistic sampling),
highlighting that only herds with a previous history
of recent clinical mastitis were selected for this study.
Besides, in each herd, animals without any clinical
signs of mastitis and already included in the milking
parlor were randomly selected.

Milk was collected from animals of
several ages, breeds and lactation stages during
morning or afternoon milking, preceded by hygiene
and antisepsis of the teats. Samples were composed
by mixing equal parts of milk from each teat and
placed in sterile bottles with a screw cap, transported
under refrigeration (4 °C), and subsequently, kept
at -20 °C until laboratory analyses were carried
out. Concomitantly with the material collection, an
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epidemiological questionnaire was applied with
closed questions to investigate milking management
practices and data on zootechnical characteristics of
the herds.

Milk samples were initially centrifugated
by 1331 x g (HT®) for 15 minutes and the upper fatty
layer was removed using a sterile pipette, and the
supernatant was discarded, as a pre-treatment step in
order to minimize the PCR inhibitors in milk. Then,
the remaining material was used to DNA extraction,
performed from 100 pL of each sample, using the
commercial kit DNeasy® Blood and Tissue kit
(Qiagen™), according to the methodology proposed
by the manufacturer. The extracted DNA was
evaluated in a Biodrop™ UV/VIS spectrophotometer,
in terms of concentration (ng/puL) and purity degree,
so that in each reaction a standard concentration of
DNA template (100 ng/uL) was added.

Initially, a screening was carried out, using
PCR to detect Mollicutes, with a total reaction volume
of 25uL, containing a reaction buffer (10mM Tris
HCI pH 8.0) 1x, 2.0 mM MgCl,, 0.2 mM dNTP, 0.2
pM primers and 1.0 U Taq Polymerase (Ludwig™).
Positive samples in this assay were submitted to PCR

to identify Mollicutes species, M. bovis, M. arginini,
M. alkalescens, M. bovigenitalium, M. bovirhinis
and A. laidlawii, which have already been isolated
from bovine milk and implicated in intramammary
infection in dairy cattle.

For the detection of M. bovis the reaction
was performed in a volume of 25 pL, containing
reaction buffer (10 mM Tris HCI pH 8.0) 1x, 1.5
mM MgCl,, 0.2 mM dNTP, 0.2uM primers, 1.0 U
of Taq Polymerase (Ludwig™). For M. arginini, M.
alkalescens, M. bovigenitalium and M. bovirhinis, the
reaction was equivalent to the previous one, except for
the concentration of 1.0 mM dNTP and 0.4 pM primers.
For A. laidlawii, the reaction likewise differed in the
concentration, 0.2 mM dNTP and 0.8 pM primers. The
primers and the references for thermal profiles for each
reaction are described in table 1.

DNA extracted from isolates of each
Mycoplasma species and Acholeplasma laidlawii
were obtained from field samples and used as a
positive control for all reactions and nuclease-free
water was used as a negative control.

The amplified products were submitted to
the electrophoretic run at 90 mV, on a 1.5% agarose

Table 1 - Description of primers and references for thermal profiles in generic per for mollicutes and specific per for mycoplasma species

and Acholeplasma laidlawii.

Prir_ner . Sequencing 5' 3' Species Targets A.mp e el
designation size (bp) thermal profile
GGG AGC AAA CAG GAT TAG
aros ATACCCT Mollicutes 16S rRNA 270 KUPPE\\/;A];IED et al.
MGSO TGC ACC ATC TGT CAC TCT (1992)
GTT AAC CTC
CCT TTT AGA TTG GGA TAG %

Lt CGG ATG , CHavEs
o R CCG TCA AGG TAG CAT CAT M. bovis 16S rRNA 360 GON(1995) et al.

TTCCTAT
Myc 1F CAC CGC CCG TCA CACCA M. arginini 16S/23S 312 CHALKER et al.
M. arginini GTT GTA TGA CCT ATT GTT GTC ' RNA (2004)
Mak F CCG TCA AGG TAG CAT CAT KOBAYASHI ef al

TTCCTA T M. alkalescens 16S tRNA 704 (1998) )
Mak R AGA GTC CTC GAC ATG ACT CG
Mbg F CGT AGA TGC CGC ATG GCA

TTT ACGG oM 16S IRNA 312 KOBAYASHI et al.
Mbg R CAT TCA ATA TAG TGG CAT bovigenitalium (1998)

TTCCTAC
Mbr F GCT GAT AGA GAG GTC TAT CG o KOBAYASHI et al.
MbrR ATT ACT CGG GCA GTC TCC M. bovirhinis 165 rRNA 316 (1998)
ACH3 AGC CGG ACT GAG AGG TCT AC DUSSURGET &
UNI TAA TCC TGT TTG CTC CCC AC A-laidlawii 165 RNA 505 DE(S);%&AE 9Dg' 5
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gel, added with 0.025 pL/mL of ethidium bromide,
with a 100 bp molecular marker. The gel was
visualized in a UV light transluminator and the image
captured for photodocumentation.

Data were compiled in Microsoft Excel®
spreadsheets and checked for possible inconsistencies,
resulting in 12 explanatory variables associated to
herd structure and husbandry practices that could
be potential risk factors based on previous studies
(GONZALEZ & WILSON, 2003; FOX, 2012;
PINHO et al., 2013; MURAI & HIGUCHI, 2019), as
follows: herd size, average herd production, breeding
system, predominant age group, predominant breed,
quarantine, milking type, washing and drying
teats with individual paper towel, premilking and
postmilking teat disinfection, milking animals with
mastitis last, cleaning and disinfecting the stables
and surroundings. Pearson’s Chi-square test was
performed and variables with statistical significance
less than 0.10 (MURAI & HIGUCHI, 2019), were
submitted to univariate analysis, by odds ratio (95%
CI) to analyze the potential risk factors associated
with Mollicutes intramammary colonization. All
statistical analyses were performed in BioStat®
software (AYRES et al., 2007).

RESULTS AND DISCUSSION

The frequency of infection was 21% (4/19)
for Mollicutes in dairy herds. Regarding the within-
herd frequency, 4% (16/387) of milk samples were
positive for Mollicutes. In Brazil, no research is
referred to the etiology of Mycoplasma spp. infection
in the mammary glands and it is difficult to compare
the occurrence of the most prevalent species of this
agent in the country (SALINA et al., 2020).

Risk factors associated with intramammary
infection by Mollicutes were herds with more than
150 animals [OR=3.51 (95% CI 1.11-11.08)], manual
milking [OR=9.97 (95% CI 2.80-35.49)] and not-
milking animals with mastitis last [OR=6.54 (95%
CI 1.92-22.29)] (P<0.05) (Table 2). According to
PINHO et al. (2013) herd size is the major risk factor
to mycoplasmal intramammary infection. In the
current study, the greatest risk of detecting Mollicutes
was reported in herds with more than 150 animals,
possibly because expanding herds is associated with
greater circulation of animals (buying and selling),
possible failures in the biosafety practices and a
greater possibility of introducing the agent, usually
from asymptomatic individuals.

Mycoplasma spp. have been considered
contagious in nature, being transmitted mostly at

milking from an infected udder to an uninfected cow
or from an infected mammary quarter to another one.
Possibly, in the studied herds, manual milking was
associated with failures in the care of the milker,
at the time of milking, since mycoplasmas can be
transmitted from fomites and milker’s hands, which
highlights that the qualification and involvement of
milkers is essencial to prevent infection (GONZALEZ
& WILSON, 2003; FOX, 2012; LANGE et al,
2017). Besides, when there is no separation between
healthy and mastitic animals during milking, animals
with different sanitary status are milked randomly
and new cases of intramammary infection increase,
since mycoplasmas can be disseminated by fomites,
milk, nose to nose contact or aerosols (FOX, 2012;
WAWEGAMA et al., 2016).

From positive samples in screening, 31%
(5/16) were positive for M. bovis, 69% (11/16) for M.
arginini, and there was co-infection in 19% (3/16).
The description of positive samples for Mollicutes in
specific PCR is shown in table 3. No positive samples
were reported for the species M. alkalescens, M.
bovigenitalium, M. bovirhinis and A. laidlawii.

The frequency of M. bovis infection was
compatible with previous research carried out in
Brazil by PRETTO et al. (2001), JUNQUEIRA
(2017), MANZI etal. (2018) and SALINA et al. (2020)
who detected an occurence ranging from 1 to 3%.
In Australia, low frequencies for M. bovis infection
were reported by MORTON et al. (2014), who stated
that; although, the microorganism is present in less
than 1.0% of herds, it can cause severe disease in
some of them. LYSNYANSKY et al. (2015) reported
an increase in the prevalence of M. bovis mastitis in
Israeli herds, going from 0 to 0.68% in the period
from 2004 to 2007 to 3.77% during an outbreak in
2008, reaching a frequency of 0.77 to 2.77% between
2009 and 2014. Thus, despite the low frequency
reported in the current study, diagnosis is essencial to
know the occurrence of the agent in brazilian herds.
Besides, it is necessary to adopt infection control
actions, whereas M. bovis usually causes subclinical
or mild clinical intramammary infection, which
can progress to chronic mastitis or severe clinical
mastitis outbreaks, impacting on animal health and
economy, since culling is the most adequate measure
for the infection control (NICHOLAS et al., 2016;
TIMONEN et al., 2017).

Mycoplasma bovis is the most extensively
studied and wunderstood bovine mycoplasma
worldwide; however, other species can be detected
alone or in co-infection with M. bovis in bovine milk
(GIOIA et al., 2016), such as M. arginini, which was
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Table 2 - Risk analysis for intramammary colonization by Mollicutes in dairy cattle herds from Southeast Brazil.

. PCR Mollicutes P- . o >
Variable Category N (%) value! Odds ratio (95% CI) P- value
Herd si Until 150 204 42 0.0442" 3.51 (1.11-11.08) 0.0442

rd siz . . d1-11. .
eresie >150 183 12(7)
. Until 500kg 194 4(2) .
Average production ~500ke 193 12(6) 0.0722 3.15 (0.99-9.94) 0.0722
C 299 13 (4
Age group (.)ws “ 0.9329 - -
Heifers 88 3(3)
Intensive 50 2(4)
Breeding system Semi-Intensive 293 14 (5) 0.3318 - -
Extensive 44 0(0)
Breed Crossbreed 279 13 (5) 05827
ree: . - -
Holstein 108 3(3)
. No 265 14 (5)
U 0.1621 - -
Quarentine Yes 122 22)
M 1 16 425 .
Milking type A (25) 0.0003°  9.97 (2.80-35.49) 0.0003
Mechanic 371 12 (3)
Drying teats with No 84 4(5)
individual paper 0.9866 - -
— Yes 303 12 (4)
Cleaning teats before No 84 4(5)
o 0.9866 - -
milking Yes 303 12.(4)
i N 165 42
Cl_eaflmg teats after 0 (2) 0.2306 B B
milking Yes 222 12 (5)
Milking animals No 22 4(18) .
with mastitis last Ves 365 1203) 0.0043 6.54 (1.92-22.29) 0.0043
Cleaning and No 145 7(5)
desinfection of
stables and Yes 242 9 (4) 0-7899 ) )
surroundings

! Associations evaluated by Pearson's Chi-square test. > Associations evaluated by odds ratio.

" Significant associations (P<0.10).

reported in all herds in the current study. Although,
not associated with mastitis, this species was already
recovered from bulk tank milk from herds affected
with mastitis of different etiologies and it is a
predisposing agent to severe intramammary infection
by other bacteria. Also, it can persist in milk over
long periods, which is of great importance since it
has been considered to have a zoonotic potential for
immunocompromised individuals (STIPKOVITS et
al., 2013).

Mycoplasma species can spread from
one bovine body site to another via lymph or
blood systems, and commonly cases of arthritis
or respiratory disease can be associated with
intramammary infection (FOX, 2012). This is the
first report on the presence of M. bovis in dairy
cows from Rio de Janeiro and M. arginini from

Minas Gerais, Rio de Janeiro and Sdo Paulo, which
demonstrated their circulation in these states.

There are some limitations in the current
study, considering the impossibility to associate the
presence of Mollicutes with intramammary infection,
since in most farms there was not a continuous
veterinary assistance and individual data of animals,
such as clinical history of each dairy cow, data on
somatic cell count and information about the use of
antibiotics. However, it highlighted the importance
of investigating the intramammary colonization of
Mollicutes in dairy herds as a predisposing factor
to mycoplasmosis or as a complicating factor to
mastitis, due to possible synergistic interactions
between mycoplasmas and other microorganisms,
in addition to being possible pathogens in further
bovine diseases.
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Table 3 - Description of positive samples for Mollicutes according to the origin and results in specific PCR.

Sample designation

O 00 3 &N W A W N —

[ —
—_ o

—_
AN L B~ W N

Herd designation

>

oo w www > >

Location

Juiz de Fora - MG
Juiz de Fora - MG
Juiz de Fora - MG
Rio Bonito - RJ
Rio Bonito - RJ
Rio Bonito - RJ
Rio Bonito - RJ
Belmiro Braga - MG
Belmiro Braga - MG
Belmiro Braga - MG
Belmiro Braga - MG
Belmiro Braga - MG
Belmiro Braga - MG
Belmiro Braga - MG
Areias - SP
Areias - SP

Positivity in specific PCR

M. arginini
M. bovis + M. arginini
M. arginini
M. bovis
M. bovis
M. bovis + M. arginini
M. bovis + M. arginini
M. arginini
M. arginini
M. arginini

*

M. arginini
M. arginini
«

M. arginini

"Positive samples for Mollicutes and negative for all specific PCR.

CONCLUSION

Mollicutes were present in dairy herds
from Southeast Brazil, in states where its occurrence
was unknown. Mycoplasma bovis and M. arginini
were circulating in all states studied. This is the first
report of M. bovis in Rio de Janeiro and M. arginini in
the three states, being M. arginini present in all herds
where Mollicutes were detected.

Herds with more than 150 animals, manual
milking and not-milking animals with mastitis last were
risk factors, suggesting that these conditions could
favour intramammary colonization by Mollicutes in
animals submitted to similar management conditions.
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